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A Note on Distributed Computing

Jim Waldo

Geoff Wyant
Ann Wollrath
Sam Kendall

SMLI TR-94-29 November 1994
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“Latency as an Effect”

“Principles of Reactive Programming”
Coursera lecture by Erik Meijer

https://class.coursera.org/reactive
-001/lecture/51
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2013 Nov 4th
“Principles of Reactive Programming”

Martin Odersky

Ecole Polytechnique
Fédérale de Lausanne

Erik Meiljer
Applied Duality

Roland Kuhn
Typesafe Inc.

https://www.coursera.org/course/reactive



https://www.coursera.org/course/reactive

trait Socket {
def readFromMemory(): Array[Byte]
def sendToEurope(packet: Array[Byte]): Array[Byte]

»

val socket = Socket()
val packet = socket.readFromMemory()
val confirmation = socket.sendToEurope(packet)
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execute typical instruction

1/1,000,000,000 sec = 1 nanosec

fetch from L1 cache memory 0.5 nanosec
branch misprediction 5 nanosec
fetch from L2 cache memory 7 nanosec
Mutex lock/unlock 25 nanosec
fetch from main memory 100 nanosec
send 2K bytes over 1Gbps network 20,000 nanosec
read 1MB sequentially from memory 250,000 nanosec
fetch from new disk location (seek) 8,000,000 nanosec
read 1MB sequentially from disk 20,000,000 nanosec

send packet US to Europe and back

150 milliseconds = 150,000,000 nanosec

http://norvig.com/21-days.html#answers
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val socket = Socket()

val packet = socket.readFromMemory()

// 50,000 +/#270v99 %

/] BN FEELLGZOEFIZIX, RODIEA

val confirmation = socket.sendToEurope(packet)
// 150,000,000 +/#270v99 %

/] BN FEELLGZOERIZIX, RODIEA
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execute typical instruction 1 second
fetch from L1 cache memory 0.5 seconds
branch misprediction 5 seconds
fetch from L2 cache memory 7 seconds
Mutex lock/unlock % minute
fetch from main memory 1% minutes
send 2K bytes over 1Gbps network 5% hours
read 1MB sequentially from memory 3 days
fetch from new disk location (seek) 13 weeks
read 1MB sequentially from disk 6% months
send packet US to Europe and back 5 years
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val socket = Socket()
val packet = socket.readFromMemory()
// 3BBE70v99 %
/] BN FEELLGZOEFIZIX, RODIEA
val confirmation = socket.sendToEurope(packet)
// SERM7AvIT5
/] BN FEELLGZOERIZIX, RODIEA
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12 months to walk coast-to-coast

3 months to swim across the Atlantic
3 months to swim back

12 months to walk back

Vo veTew

Humans are twice as fast as computers!

.






Complexity Quanta and
Platform Definition
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® "The Chubby lock service for loosely-coupled

distributed systems”

https://static.googleusercontent.com/media/resear

ch.google.com/ja//archive/chubby-0sdi06.pdf

® “Large-scale cluster management
Borg”

at Google with

https://storage.googleapis.com/pub-tools-public-

publication-data/pdf/43438.pdf
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GFS Architecture

GFS Master JieeylbEr

(file name,chunk index) ~ | Chunk 2ef0

GFS Client » File NameSpace,”
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(chunk handle,
chunk location) 1

Application
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Instrugtion to chunkserver

Chunkserver state

(chunk handle,byte range)

» | GFS chunkserver GFS chunkserver

Linux File System Linux File System
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Basic Computing Cluster

Machine 1 Machine N

Workqueue
slave

Workqueue
slave

Workqgueue
master
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Google



Basic Computing Cluster

Workqueue
slave

Workqueue
master
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Workqueue->Tf]? %% . cluster@EEZLT
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Workqueue
slave

Google
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“Large-scale cluster management at Google with

Borg” https://goo.gl/aN03bl

CHORRKICHLT, Aurora®D7—FTIRDAAVMEELE
=M, HTLV%, “"Google Lifts the Veil on Borg,
Revealing Apache Aurora’s
Heritage"http://goo.gl/Nv8ZIQ
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B "Return of the Borg: How Twitter Rebuilt Google's
Secret Weapon”http://go00.gl/QyhGjx

B "Twitter’'s Aurora and How it Relates to Google’s Borg
(Part 1)"http://goo.gl/BRhL7x
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Google Borg

Google’s Borg system

is a cluster manager
that runs hundreds of
thousands of jobs,

from many thousands
of different applications,
across a number of
clusters each with up

to tens of thousands of
machines
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Google Borg

Google’s Borg system

is a cluster manager
that runs hundreds of
thousands of jobs,

from many thousands
of different applications,
across a number of
clusters each with up

to tens of thousands of
machines
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Mesos slave| | Mesos slave Mesos slave

Hadoop MPI Hadoop || MPI
executor executor executor||executor

task

-| | task _‘ task task
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T 5 servers of a Chubby cell
client ' chubby
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